Background: The current study aimed to investigate factors associated with the prognosis of activities of daily living (ADL) in elderly patients with pneumonia who had undergone rehabilitation during their hospitalization.
Introduction
Hospitalization for acute illness is a stressful and potentially hazardous event for elderly patients. [1] [2] [3] [4] Acute illness and prolonged bed rest are associated with a significant decline in functional ability called disuse syndrome. Disuse syndrome includes symptoms that are a) musculoskeletal, b) cardiovascular and pulmonary, c) genitourinary and gastrointestinal, d) metabolic and endocrine, and e) cognitive and behavioral caused by inactivity, immobility, and prolonged bed rest. 5 The effectiveness and feasibility of early physical rehabilitation programs for hospitalized elderly patients in preventing a decline in functional ability due to disuse syndrome have been reported in a previous study, 6 which indicated that early physical rehabilitation care for acutely hospitalized elderly patients could lead to functional benefits and be safely done.
Pneumonia is the third most common cause of death and is one of the most frequent reasons for the initiating the Long-Term Care Insurance (LTCI) system in Japan. 7 Guy et al. reported that the extent and mobility outcomes of acute inpatient rehabilitation for hospitalassociated deconditioning in the elderly were associated with mobility from admission to rehabilitation and indicated the importance of rehabilitation in elderly patients including those with pneumonia. 8 Early physical rehabilitation programs seem to be important for the elderly patient to reduce required care after pneumonia. However, it is unclear whether the prognosis of activities of daily living (ADL) for elderly patients with pneumonia is affected by the initiation time of rehabilitation. Furthermore, factors associated with the prognosis of ADL, including disuse symptoms, in elderly patients with pneumonia have not yet been clarified.
The purpose of the current study was to investigate factors associated with the prognosis of ADL in elderly patients with disuse syndrome due to pneumonia who had undergone rehabilitation during hospitalization.
Methods Participants
The study included patients of age ²65 years who were hospitalized at the Tsukuba Memorial Hospital from August 2012 to July 2013 and had undergone a rehabilitation program for disuse syndrome due to pneumonia diagnosed by a physician. Patients who were discharged within one week, died during hospitalization (because it is impossible to evaluate at discharge), or did not consent were excluded from the study.
All patients and their families read and signed the informed written consent. This study was conducted in accordance with the guidelines proposed in the Declaration of Helsinki, and the study protocol was reviewed and approved by the Ethics Committee of Tsukuba Memorial Hospital and the University of Tsukuba, Japan.
Measures
Each subject's main characteristics [age, sex (male or female), living place before hospitalization (home or facility), use of the LTCI system (independent, support level, or care level), usual mode of transportation before onset (gait, wheelchair, or other), functional independence measure (FIM) score 9 before onset (total, motor, and cognitive), number of days from onset until initiation of rehabilitation (days of inactivity), duration of stay, number of days from hospitalization until initiation of rehabilitation, and the A-DROP system 10 ]
were collected from medical records. The Japanese LTCI system consists of seven eligibility levels, including two support levels and five care levels. For support levels, the service is basically used to prevent the care level from worsening. Alternatively, care level 1 or higher means some help is required for ADL, and care level 3 or higher means total care for ambulation or clothing is required. 11 The A-DROP system is severity stratification of pneumonia modified CURB-65, 12 and it comprises five items ( Functional disability was assessed using the FIM score, which can measure both physical and cognitive ability.
The FIM comprises thirteen motor items and five cognitive items. The items are scored on a seven-point ordinal scale based on the amount of assistance required. The minimum score for the FIM is 18, which indicates a low level of functioning, and the maximum score is 126, which indicates a very high level of functioning.
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Analysis
The participants were classified into two groups according to their FIM recovery rates [FIM score at discharge/FIM score before onset © 100 (%)]. The participants with a FIM recovery rate ²80% were defined as the high recovery group (high group), whereas those with a FIM recovery rate <80% were defined as the low recovery group (low group). 3.5 « 6.9, p = 0.029) ( Table 3) .
In multivariate logistic regression analysis, the total FIM score and the cognitive FIM score at the initiation of rehabilitation, knee extension range of motion, and FBS were removed due to collinearity with the motor FIM score at the initiation t of rehabilitation. Therefore, the motor FIM score at the initiation t of rehabilitation, days of inactivity, and MNA were established as independent variables and FIM recovery rate (²80%, <80%) was established as a dependent variable.
According to the results of logistic regression analysis, days of inactivity (odds ratio: 0.72, 95% CI: 0.54-0.96) and MNA (odds ratio: 1.37, 95% CI: 1.02-1.85) were
shown to be significantly associated with a high FIM recovery rate ( Table 4) .
Discussion
In the present study, we aimed to investigate factors associated with the prognosis of ADL (FIM score) in elderly patients with disuse syndrome due to pneumonia. To investigate the factors associated with good recovery, we compared a high group (FIM recovery rate ²80%) and low group. The total FIM score, motor FIM score, cognitive FIM score, knee extension range of motion, nutritional status (MNA), and balance ability (FBS) were significantly different between the two groups. Furthermore, multivariate logistic regression analysis revealed that days of inactivity and nutritional status were associated with a high FIM recovery rate.
Generally, prolonged bed rest results in disuse syndrome which includes muscle weakness, joint contractures, and orthostatic hypotension. However, the effectiveness and feasibility of early physical rehabilitation have been investigated in a previous study and the importance of early rehabilitation has been reported among patients with stroke, cardiopulmonary disease, and other conditions. 6, 21, 22 The current study also showed that initiating rehabilitation early was an important factor associated with a high probability of recovery of ADL in elderly patients with pneumonia. A previous study showed that functional decline two weeks before hospitalization in elderly patients influences hospital discharge and functional outcomes. 23 In the current study it is interesting to note that no significant difference was observed in the FIM score before onset between the high group and low group. In addition, severity of pneumonia at admission was not different between the two groups. These findings may support the importance of early rehabilitation. Nutrition status was reported to be important for recovery of ADL. In a previous study, low serum albumin was associated with weaker muscle strength and future decline in muscle strength in older women and men. 24 It has been considered that weaker muscle strength causes a reduction in activity which may lead to severe disuse syndrome. In the another study using the MNA as an assessment of nutrition it was reported that the prevalence of malnutrition was considerably different between settings (hospital: 38.7%, rehabili- 25 The prognosis of ADL in rehabilitation was reported to be poor when there was malnutrition in the previous study. [26] [27] [28] [29] In the present study, nutritional status was already significantly different at the initiation of rehabilitation between two the groups. Therefore, it is believed that early management of nutrition may be important for elderly patients with pneumonia who have undergone rehabilitation.
It has been suggested that pneumonia itself has little effect on ADL; however, ADL in elderly patients with pneumonia is reduced due to disuse syndrome.
Therefore, we believe it is important to utilize early rehabilitation to prevent or treat disuse syndrome.
Limitations
The current study contains significant content suggesting the importance of early rehabilitation in elderly patients with pneumonia. Nevertheless, there are three limitations. (1) The sample size of the study was small, so the variables that were included as independent variables in multivariate analysis were limited. Therefore, we excluded the variables that showed collinearity, and included minimum variables. (2) There are no unifying criteria among physician regarding the optimal time of initiating rehabilitation after admission.
Therefore, we cannot deny the possibility that patients who were expected to have a high recovery of ADL were given the instruction of rehabilitation early by a physician although there was no significant difference in the duration of hospitalization before initiating rehabilitation between the high group and low group.
Therefore, we considered that this limitation had a small effect on the results. (3) Only limited conclusions can be drawn because the study was a single-center design. A multi-center study with a larger sample size is required to confirm our results.
Conclusions
The study results suggest that days of inactivity and early management of nutritional status after hospitalization are important for elderly patients with pneumonia to return to their ADL by treatment including rehabilitation.
